3GPP TSG RAN WG4 #110 meeting 	 	R4-2400553
Athens, Greece, 26th Feb. – 01st March, 2024

Agenda Item:	6.3.1
Source:	Meta Ireland
Title:	Discussion on OTA evaluation Methodology of 2Rx non-RedCap XR Device
Document for:	Approval
1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN #101 meeting Bangalore, RAN endorsed the step 1 and step2 to allow the 2Rx relaxation of non-REDCAP XR devices in the 4Rx mandatory NR bands [1]. Furthermore, RAN made consensus to study of the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values in RAN4 110 meeting [2] as follows:

	1. Task RAN2 and RAN3 to develop signaling support for ‘2Rx non-REDCAP XR devices’, send corresponding Release-18 draft CR(s) to RAN#103:
· A new dedicated UE capability indication per band and setting of corresponding existing UE capability(ies). [RAN2]
Note: no need is foreseen to add an indication to Msg1 or Msg3.
· Indication in SIB, to be used to redirect to another frequency layer, or to bar the device altogether. [RAN2] 
· SPID indication from the Core Network to gNB. [RAN3]
· N2-NGAP indication for ‘2Rx non-REDCAP XR devices’ from gNB to Core Network to take action based on operator policy. [RAN3]  

2. Task RAN4 to develop Release-18 draft CR(s) to RAN#103 for ‘2Rx non-REDCAP XR devices’:
· Capture the definition of 2Rx non-REDCAP XR devices in [38.101-1] using the definition from RAN#101 (c.f. RP-232657)
· Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.

3. TSG-RAN#103 in March: 
1) Consider approving the draft CRs from RAN2, RAN3 and RAN4 for Release-18
2) Consider approving Release-19 work to be conducted on detailed OTA work for ‘2Rx non-REDCAP XR devices’.
3) Points 1) and 2) represent a package, each one is dependent on the other moving forward.  


 
In this paper, we provide OTA performance considerations of 2Rx non-RedCap XR devices. 
2. [bookmark: _heading=h.811uh4fp0bc6]OTA Performance Considerations of XR Devices
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Figure 1 Example of AR glasses with Possible 5G Antenna Placement 
As it is shown in our previous contribution [3], there are various key components of the XR device to enable XR immersive experiences as illustrated in Figure 1 with an example of AR glasses (Project Aria [4][5]). Furthermore, to support immersive XR experiences, the display can be needed which requires further hardware and SW processing to enable. Noting that Project Aria is a research device, there can be further design constraints that limit the remaining usable volume for 5G NR antennas to make AR glasses commercially compelling and socially acceptable. Therefore, 4Rx antennas are not possible for XR glasses. The possible 2Rx antenna placement can be on the temple arm or frame as illustrated in [6]. It is worth pointing out that comparing the XR glasses and smartphones, there are several advantages to the XR glasses in terms of antenna design and properties elaborated below:
1. Considering the 3-D dimension and placement of 5G antennas on the XR glasses, the two antennas can be designed with better isolation and less leakage between them. Hence, it can lead to lower correlation between 2 Rx antennas which provides substantial gains in spatial multiplexing capabilities. The sizable throughput gain of low correlation vs. high correlation can be seen from section 6.4.2 2Rx requirements in [6].
2. There is a bigger space/distance between the potential antenna locations of XR glasses and the human head compared to the smartphones that are often held right next to the human ear for phone calls. Thus, XR glasses can have less stringent SAR backoff requirements compared to smartphones. As it is addressed in [7], “Uplink link budget is the bottleneck to achieve network capacity as quantified by satisfied XR UEs.” Less SAR backoff is critical to improving XR UL performance.
3. The XR glasses are naturally wearable devices on the human face supported by the nose bridge. On the other hand, the smartphone is usually held by human hands when in use which can largely impair the antenna efficiency or correlation of a subset of antennas out of all 4 receive antennas. In the extreme cases, some of the antennas can become unusable due to heavily impacted antenna efficiency.
Therefore, we have the following observation:
Observation 1: The antenna design and properties of the XR glasses can have several advantages compared to smartphone antennas:
· Due to the 3-D dimension and placement of 5G antennas on the temple arm or front frame, the two antennas of the glasses can be designed with less correlation that provides gains in rank order.
· Due to bigger space between the potential antenna placement on the XR glasses to the human head compared to smartphones when held next to the ear, the SAR requirements of the glasses can be less stringent compared to smartphones.
· The XR glasses are naturally wearables and won’t suffer from the antenna efficiency or correlation loss due to hand-held usage as smartphones.
Based on the above observation, we make the following proposal.
Proposal 1: The several key advantages of antenna design and properties of the XR glasses compared to smartphone antennas provide natural mitigation to performance impact of 2Rx vs 4Rx. The performance of XR glasses can be expected to be on-par or outperform compared with a pair of antennas of 4Rx smartphones. The antenna advantages of XR glasses include lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage. 

3. Review of UE TRP and TRS Requirements and Test Methodologies for FR1
In last RAN plenary #102 meeting, the core part of Rel-18 FR1 TRP TRS WI was completed [8]. For the smart phone type and RedCap UE, RAN4 defined the TRP/TRS test methodology for each NR band. 

· UE type: Smartphone, wearable Redcap UE, Tablet, Laptop embedded equipment (LEE) and Laptop mounted equipment (LME).
· Usage scenarios:
· Talk mode using head & hand phantom for narrow and wide phones
· Browsing mode using hand phantom for narrow and wide phones
· Using forearm phantom for wrist-worn devices. For wrist-worn Redcap devices, the forearm phantom is the first priority.
·  Free Space is used for devices not used in above-mentioned scenarios, other phantoms are not precluded for wearable devices
· Test parameters:
· Test parameters for each NR band and RedCap band have been defined
· UE positioning guidelines:
· UE positioning guidelines for Free space, Hand phantom only (Browsing mode), Head and Hand phantom (Talk Mode), Head phantom only, and Forearm phantom.
· Coordination with CTIA on phantom related aspects, 3GPP and their Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC) get the permission.
· AC test method:
· Test setup: Single-antenna and multiple-antennas anechoic chambers
· TRP TRS calibration procedure
· Ripple test procedure for 30cm and 50cm, both theta-axis and phi-axis
· TRP test procedure and UE configurations for 1Tx, 2Tx, and DL CA configurations
·  TRS test procedure and UE configurations for 1Tx, 2Tx, and DL CA configurations
· Minimum measurement distance of anechoic chambers
· RC test method:
· Test setup: Reverberation Chamber
·  S-parameters and power transfer functions
· Chamber loading for coherence bandwidth
· Chamber spatial uniformity
·  Calibration procedure for RC system
· TRP test procedure and UE configurations for SA and EN-DC
· TRS test procedure and UE configurations for SA and EN-DC
· Test Volume
· Testing time reduction methodologies:
·  Measurement grids for Anechoic Chamber method
· Measurement uncertainty assessment:
· Measurement error uncertainty contribution descriptions
· AC preliminary example of uncertainty budget
· Expanded uncertainty for TRP hand only (browsing mode): 1.73 dB
· Expanded uncertainty for TRP Beside Head and Hand (Talk mode): 1.96 dB
· Expanded uncertainty for TRP Wrist-Worn: 1.78 dB
· Expanded uncertainty for TRS hand only (browsing mode): 2.13 dB
· Expanded uncertainty for TRS Beside Head and Hand (Talk mode): 2.31 dB
· Expanded uncertainty for TRS Wrist-Worn: 2.17 dB
· RC preliminary example of uncertainty budget
· Expanded uncertainty for TRP hand only (browsing mode): 1.90 dB
· Expanded uncertainty for TRP Beside Head and Hand (Talk mode): 2.08 dB
· Expanded uncertainty for TRS hand only (browsing mode): 2.28 dB
· Expanded uncertainty for TRS Beside Head and Hand (Talk mode): 2.43 dB
· Test phantom definition:
· PDA Grip Hand
· Wide Grip Hand
·  Head Phantom
· Forearm Phantom
· Environmental requirements:
· Room temperature with the DUT operated in stand-alone battery powered mode.

Take RC test as an example, the test conditions, UE configurations and test procedure is the following [9]:

	[bookmark: _heading=h.i7w6li9tnvfn]8.6.1   	TRS for SA and EN-DC
[bookmark: _heading=h.qgw8f1wimo18]8.6.1.1      	Test conditions
The TRS of the DUT is based on searching for the lowest power received by UE for a discrete number of field combinations in the chamber. The power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER level shall be averaged with other such measurements using different field combinations. The TRS of the DUT is estimated by measuring the transfer function for each fixed measurement antenna, which gives the BER threshold.
[bookmark: _heading=h.ahd4ahagbxsj]8.6.1.2      	UE configurations
For Standalone, the NR System Simulator (SS) and DUT shall be configured per section 7.3.2 (Reference sensitivity power level) of TS 38.521-1 [5] using the defaults specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.
For EN-DC, the EN-DC SS and DUT shall be configured per section 7.3B.2 (Reference Sensitivity for EN-DC) of TS 38.521-3 [6], using the defaults specified in TS 38.521-3 [6] and TS 38.508-1 [7], as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4. The UL power configuration for LTE and NR is 50%-50% power splitting, i.e.,
- For PC3, p-MaxEUTRA-r15=20 dBm, and p-NR-FR1= 20dBm;
- For PC2, p-MaxEUTRA-r15=23 dBm, and p-NR-FR1= 23dBm.
[bookmark: _heading=h.73ewgloor1fj]8.6.1.3      	Test procedure
For TRS measurement, the evaluations shall be performed at maximum transmit power.
The measurement procedure includes the following steps:
1)  Place the DUT inside the test zone.
2)  Connect the DUT through the cables/chamber to the instrument and ensure the DUT is transmitting at its maximum power.
3)  Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [5], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level. At least [100] uncorrelated measurement sampling points shall be used.
The TRS value is calculated using the equation outlined in 5.2.2.



4. [bookmark: _heading=h.ziso1p0hs4]OTA Evaluation Methodology for XR Devices
The OTA evaluation methodology for 2Rx non-RedCap XR devices will be similar to that of legacy UEs. However, defining OTA requirements in RAN4 can take several months or even years to complete. Additionally, it is unlikely that there will be commercially available XR devices in the Release 19 time frame. Even if such devices do exist, as stated in [10], OTA requirements are band-specific and rely on large-scale measurement data from commercially available UEs.

Given these challenges, we propose building a theoretical model and framework to evaluate the performance of XR devices for OTA considerations. This approach would allow us to assess the performance of XR devices without relying on commercially available devices or waiting for the completion of OTA requirement definitions in RAN4.


The proposed theoretical model and framework would take into account the unique properties and advantages of XR glasses, including lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage. By simulating various scenarios and conditions, we can gain valuable insights into the performance of XR devices under different conditions and circumstances.

In the following, we outline the relevant factors, parameters and modelling assumptions. 

1. XR Device Form Factor

[image: ]
Figure 2 XR Devices Form Factor

XR devices are of different form factors as shown in Fig. 2 [11]. These form factors may differ in processing capabilities, communication types and power consumption. As specified in RP-232657, the 2Rx non-RedCap XR device is designed to be worn on the human head. During use, it is intended to be supported only by or behind the ears and a nose-bridge, resulting in a constrained form factor with limited volume available for Rx chains. In Fig. 1 and our example, we consider a pair of lightweight AR glasses. However, it's important to note that there will be many different types of XR devices that satisfy the definition of an XR device. For each type of XR device, there may be specific OTA requirements that are defined on a case-by-case basis.

The RF properties and antenna characteristics of XR devices are highly dependent on their form factor. This includes factors such as the size of the device, the volume of the device, the location of the antennas, the materials used in its construction, and other design elements. These factors can all impact the performance of the device, and therefore need to be carefully considered when developing a theoretical model or framework for evaluation.

2. Band 
The OTA performance of these devices is band-specific, so defining the operating bands, channel bandwidth and subcarrier spacing is an essential first step in the modelling process [9]. This information will help to ensure that the theoretical model or framework accurately reflects the real-world performance of the XR devices in different frequency bands.

3. Usage Scenarios
Unlike traditional handheld devices, XR devices have unique usage scenarios that need to be taken into account when evaluating their performance. For example, talk mode and browsing mode defined for smartphones or forearm phantom for wrist-worn devices are not directly applicable for XR device usage [9]. New usage modes and phantom head requirements need to be defined to accurately assess the performance of XR devices under different conditions. This may include factors such as head movement, body blocking and body loss, and environmental factors like obstacles and reflections.

4. XR Device Antenna Specification
Antenna characteristics and assumptions are key determining factors for XR devices. These include antenna radiation patterns (including peak gain, antenna efficiency, and directivity), Specific Absorption Rate (SAR), Envelope Correlation Coefficient (ECC), coupling, polarization, and S-parameters [12]. Accurately modelling these antenna characteristics is critical for developing a theoretical model or framework that accurately reflects the real-world performance of XR devices. By taking these factors into account, we can better understand how the antennas will perform in different scenarios and optimize their design for improved performance.

5. Channel Simulator
The channel simulator should be able to simulate a wide range of reference measurement channels (RMC) specified by 3GPP [13]. The emulator used for 5G UEs will be sufficient for studying XR UEs.

6. System Simulator
The System Simulator (SS) used for 5G UEs will be sufficient for studying XR UEs [13]. It may be necessary to develop new test cases or scenarios specifically tailored to XR devices to ensure that they are thoroughly tested. 

7. Performance Metrics
OTA and system performance metrics [11], such as simulated TRS, TRP, SAR, coverage, capacity, throughput and spectral efficiency can be defined and evaluated to assess XR devices performance under different test scenarios and configurations. 

The aforementioned considerations would enable us to develop OTA requirements that are tailored specifically to XR devices, rather than relying on data from legacy UEs. This would ensure that the OTA requirements are targeted for the unique characteristics of XR devices, leading to more accurate and reliable evaluations of their performance.

Proposal 2: In order to overcome the challenges of OTA tests, RAN4 develops and utilises a theoretical model to evaluate the performance of XR devices for OTA considerations. 
5. Conclusions
In this paper, we provide OTA performance considerations of 2Rx non-RedCap XR devices. We propose to develop a theoretical model to evaluate the OTA performance of XR devices.  
Proposal 1: The several key advantages of antenna design and properties of the XR glasses compared to smartphone antennas provide natural mitigation to performance impact of 2Rx vs 4Rx. The performance of XR glasses can be expected to be on-par or outperform compared with a pair of antennas of 4Rx smartphones. The antenna advantages of XR glasses include lower antenna correlation, less uplink SAR backoff, and no impact from antenna loss due to hand-held usage.
Proposal 2: In order to overcome the challenges of OTA tests, RAN4 develops and utilises a theoretical model to evaluate the performance of XR devices for OTA considerations. 
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